Introduction
Biological invasions are a major ecological and socioeconomic problem in many parts of the world. Despite the current threat posed by this issue, the mechanisms contributing to the invasive success of certain exotic plant species are still only partly understood [1, 2] . According to Baker [3, 4] , the long-distance dispersion of alien plant species can be achieved by one general-purpose genotype, and colonization of areas, characterized by a wide range of environmental conditions, occurs through phenotypic plasticity. A general-purpose genotype allows the success of populations, founded by small number of individuals, through reproductive systems that restrict outcrossing. Clonal reproduction is widely spread among invasive plant species. Mechanisms of clonal reproduction include vegetative spread, production of bulbils and apomictic seeds [5, 6] . Reduced genetic variability is typically found in such populations of invasive species, due to marked founder effects and reproductive systems limiting the diversity of genotype [7] . The lower genetic diversity of some invasive plant populations has been shown with molecular markers such as ITS [8] , RAPD [9] [10] [11] and ISSR [11] [12] [13] [14] . In contrast, rather high genetic diversity has been shown in populations of the apomictic invaders Taraxacum, as revealed with AFLP markers [15] , and Erigeron annuus, as revealed using RAPD and AFLP [16, 17] markers. Five different clones were revealed in Chinese populations of Eichhornia crassipes with RAPD, and each population consisted of at least three clones [18] . Microsatellite markers revealed polymorphism among samples of Salix albaSalix fragilis complex collected along selected river floodplains in Northern Patagonia (Argentina) [19] . Among the thirteen different genotypes detected, one dominant genotype formed monoclonal stands along river stretches approximately 790 km in length that were characterized by different ecological conditions. Such an observation can only be explained by the high phenotypic plasticity of that clone. Thus, the information on diversity and spatial spreading of genotypes of an alien clonal plant is crucial for the understanding of its invasive history and clonal structure.
Here we present the results of genotyping studies in old and new populations of invasive plant daisy fleabane (Erigeron annuus) in Lithuania. E. annuus is triploid apomictic plant, which produces embryos through meiotic diplospory [20] . Some populations of E. annuus, however, show rather high polymorphism and contain local genotypes, suggesting that sexual reproduction does occur occasionally [16, 17] . Predominant apomictic reproduction may be favorable for spread of E. annuus, because it allows establishing populations from a single propagule and may also maintain genotypes with broad environmental tolerance. E. annuus is one of the 150 most widespread alien plant species in Europe [21] . It is supposed that E. annuus was introduced into Lithuania most likely from west Europe at the end of the 19 th century [22] . If true, this introduction occurred more than two hundred years later than the introduction of the plant to some regions of West Europe, where it was introduced from North America [16, 17] . The species was primarily grown as an ornamental plant in old estates, farmsteads and especially in old rural cemeteries. A few decades later, according the botanical literature, it invaded natural ecosystems in the city of Wilno (Vilnius) and its outskirts [23] . Now it is found in roadsides, ruderal areas, and urban areas in the south-eastern regions of Lithuania. E. annuus is in an intensive spreading phase that started in Lithuania a few decades ago. A particularly intensive spreading is observed in the urban areas of Vilnius, where this plant species grows in large patches. In northern Lithuania this species almost exceptionally is found only in old cemeteries where it was possibly introduced as ornamental plant.
The relatively short history of E. annuus in Lithuania [22] and the current expansion of this species allow us to study and compare genotypes of the putative oldest accessions from old rural cemeteries and Vilnius with new populations from recently invaded regions of Lithuania. Thus, the present work was conducted to study the genetic structure of old and new invasive populations of E. annuus using two types of DNA markers, RAPD and ISSR, and to determine the most expanded genotypes of this species in Lithuania.
Experimental Procedures

Materials
The invasion history and current distribution pattern of Erigeron annuus (L.) Pers. in Lithuania allow us to hypothesize that this invasive plant spread across the country from the south-east region where it was initially described in natural ecosystems [23] and where it is generally found. Based on this idea, the country was divided into three regions: southern (S), central (C) and northern (N). Plants collected from the same location were considered representatives of certain populations ( Figure 1 ). Table 1 .
The sampling sites characteristics and population numbers (PN) are presented in Table 1 . E. annuus is rare in the northern region of Lithuania. This region was represented by only three populations (PN25, 26, 28) . The central region was represented by eleven populations (PN2, 4, 13, 14, 15, 18, 20, 22, 23, 24, 29) . In the southern (especially south-eastern) region of Lithuania, there are many locations that are occupied by this invasive species or where it is otherwise very frequent. Samples of fourteen populations (PN1, 3, 5-12, 16, 17, 21, 27) were collected in this region. This group includes populations from the city of Vilnius (5 populations -PN3, 5, 11, 16, 19) and its outskirts (5 populations -PN1, 6, 8, 10, 12) . These populations form the putative focus of the oldest invasion [23] . Four populations (PN23-26) from old cemeteries present older populations of artificial origin. Cemeteries represent a particular habitat where E. annuus plants have been grown for ornamental purposes for a lengthy period. Samples of two populations (PN28, 29) were collected from locations that until recently were free from this exotic species. These two populations can be considered the result of the most recent invasive spread. PN28 was found near the industrial town of Mažeikiai in 
Genomic DNA extraction and RAPD and ISSR analyses
Total genomic DNA was isolated from ground fresh leaves using the modified CTAB method [24] . RAPD and ISSR analyses were performed as described by Patamsytė et al. [25] . Each 20 µL RAPD and ISSR polymerase chain reaction contained 2 µL 10×PCR buffer (Thermo Scientific), 200 µM dNTPs, 1 unit Taq polymerase (Thermo Scientific), 300 µM MgCl 2 , 0.4 µM of the primer and approximately 20 ng of DNA. The RAPD-PCR was conducted for 4 min at 94°C, followed by 45 cycles of 1 min at 94°C, 1 min at 35°C, and 2 min at 72°C, followed by a final extension step of 5 min at 72°C. The ISSR-PCR conditions were as follows: 1 cycle of 7 min at 94°C, 32 cycles of 30 s at 94°C, 45 s at 55°C, 2 min at 72°C, and 1 cycle of 7 min at 72°C. All reactions were run at least twice. A negative control PCR without DNA template was performed in parallel with each amplification. The selection of primers for reproducibility and DNA band polymorphism was performed before the main analysis using 10 samples from the different populations. Primers generating complex or weak banding profiles were discarded. Amplification products were resolved on a 1.5% agarose gel (4 h, 4 V/cm), stained with ethidium bromide and photographed using a BioDocAnalyse system (Biometra, Germany). Amplified bands were scored in a size range from 440 to 2200 bp. Samples of three-four populations were analyzed in the same gel. For RAPD analysis, we used four selected primers (in parentheses -percent of polymorphic fragments): Roth A-03 -AGTCAGCCAC (51.7%), Roth A-04 -AATCGGGCTG (63.3%), Roth A-05 -AGGGGTCTTG (55.2%), and Roth A-07 -GAAACGGGTG (70.0%).
For the ISSR analysis, five primers were used:
and ISSR-G -(GCC) 5 (58.3%). The error rate [26] for RAPD markers calculated using 30 blind samples was 5.5% (107 differences in 1940 comparisons). The error rate estimated for ISSR markers was 3.6%. In this case among 30 replicated samples we observed 101 differences in 2804 comparisons. On the basis of this comparison unreliable markers were discarded.
Data analyses
The difficulty of evaluating statistical data for polyploids and plants with restricted outcrossing is a common problem affecting all dominant molecular marker-based analyses, including RAPD and ISSR [10, 27] . As E. annuus is a triploid apomictic plant species, genotypes with multiple dominant alleles (+ + +, + + −) cannot be distinguished from genotypes possessing only one dominant (+ − −) allele. The number of genotypes at any given locus is, therefore, underestimated. RAPD and ISSR assays yield information at the phenotype rather than the genotype level. However, this bias should be greatly reduced when multiple loci are analyzed and does not complicate the interpretation of results [10] . The presence of a DNA band was represented with '1' and the absence was represented with '0'. Genetic diversity was analyzed at the population and species level. The percentage of polymorphic loci (P), Shannon's information index (I) [28] , Nei's gene diversity (h), and the population genetic differentiation coefficient (G ST ) [29] were calculated using POPGENE v. 1.31 software (version 1.31; www.ualberta.ca/~fyeh/ popgene). We used an analysis of molecular variance (AMOVA) to calculate variance components. Variation was partitioned within populations, among populations within regions and among regions. The coefficients of subdivision (Φ RT , Φ PR , Φ PT ) are analogous to F statistics [30] . An AMOVA, a significance of Φ RT , Φ PR , Φ PT values using a permutation test with 999 permutations, a Mantel test to assess correlation between genetic distance and geographic distance and a principal coordinates analysis (PCoA) were conducted using GenAlEx v. 6.4 [31] . An unweighted pair group method with arithmetic mean (UPGMA) cluster analysis based on pairwise Nei's [32] unbiased genetic distances (GD) was used to assess genetic relationships among populations and to present the results as a dendrogram. Nei and Li's (1979) [33] genetic distances (GDxy) among the individual plants in the separate populations were calculated using the TREECON program v. 1.3b [34] . The correlations between the ISSR and RAPD genetic distance matrices were estimated using STATISTICA 7 (StatSoft. Inc., www.statsoft.com).
Results
A total of 113 reproducible RAPD and 156 ISSR bands were identified in DNA samples from 328 individuals with 4 RAPD and 5 ISSR primers. All of the RAPD and ISSR markers were polymorphic across the entire sample set, but they were monomorphic for a significant portion of the individuals and populations. The RAPD assay revealed 14 polymorphic populations out of the 29 studied, while the ISSR analysis indicated genotype diversity among 15 of the populations out of the 29 studied ( Table 2) . Out of 328 fleabane individuals collected from all 29 sites, only 18 plants presented unique molecular phenotypes on the basis of 269 RAPD and ISSR markers ( Table 3) . The most common (main) clone according to summary RAPD and ISSR analysis data was represented by 88 individuals. The pairwise genetic distances between populations established using RAPD markers significantly correlated with genetic distances based on ISSR markers (r=0.91, P<0.05).
Genetic variation within populations
Erigeron annuus populations can be divided into two groups on the basis of the phenotype/genotype analysis of individual plants using RAPD and ISSR markers. Despite the multilocus nature of the RAPD and ISSR markers, only approximately half (48.3% according RAPDs, 51.7% according ISSRs) of the 29 investigated populations were polymorphic ( Table 2) . The monomorphic population group includes four cemetery populations (PN23, 24 from central region, and PN25, 26 from northern region), populations PN3, 6, 7, 10, 11, 19 from southern region, populations PN4, 18, 20 from central region, and PN28 population from northern region ( Table 1) . The monomorphic population group included significant portions of the samples from Vilnius (PN3, 11, 19) and adjacent regions (PN6, 10). Clearly expressed variation (61.43% for RAPD, 59 .13% for ISSR of polymorphic fragments, GDxy 0.23 and 0.30 respectively) was determined only for one (PN5) Vilnius site ( Table 2) . A unique situation was revealed in the PN16 population, which is also from Vilnius. In this population, all plants were monomorphic according to RAPD markers, but slight variation (P=10.43%) was revealed by the ISSR assay ( Table 2) . Plants of this population were closely related but exhibited a slightly different ISSR phenotype compared to the main clone (data not shown).
The PN16, DNA polymorphism was established in the same populations for both types of markers ( Table 2 ). The number of genotypes per population established using both assays ranged from 2 to 4, with the exception of PN16 for RAPD markers, where only one genotype was detected by the RAPD assay ( Table 4 ). The highest number (4) of genotypes detected by both assays was found in PN8 and PN27 from the southern region. Among the polymorphic populations, the highest differences in percentage of polymorphic loci were observed in the southern region. Relatively low DNA polymorphism was found in PN12 (near Vilnius) and PN17 ( Table 2 ). The highest polymorphism of molecular markers was detected in two populations (PN8 and PN27). The percentage of polymorphic RAPD loci in these populations reached 70.0% and 78.57%, respectively. Almost half of the polymorphic populations (PN5, 8, 9, 21 in the southern region and PN13, 29 in the central region) presented a full or almost full coincidence of genetic diversity parameters as indicated by RAPD and ISSR assays. However, there are some populations (PN1, 2, 14, 16, 17 and 22) where differences between RAPD and ISSR data were observed. Moreover, in several of them (PN1, 14, 22) RAPD polymorphism prevailed, while in the other three populations (PN2, 16, 17), variation was higher for ISSR markers ( Table 2) .
E. annuus is rare in the northern region of Lithuania. In our study, this region was represented by only three populations (PN25, 26, 28). All these populations are monomorphic. One of the populations (PN28) appears to represent a new location for E. annuus, while the other two (PN25, 26) are from old cemeteries. It is necessary to note that two other populations from old cemeteries (PN23 and PN24), though sampled in the central region, were also monomorphic. Three monomorphic cemetery populations (PN24-26) are closely related according the UPGMA analysis (Figure 2) .
In contrast to the northern region, E. annuus is more frequent in the central and especially the southern region of the country ( Figure 1, Table 2 ). Polymorphic and monomorphic populations were found in both regions, but all populations in the western direction (PN13, 15, 22, 29) were polymorphic. A similar level of genetic diversity parameters was observed in both of these regions. The average DNA polymorphism in polymorphic populations from the central region was 50.24% for RAPD and 44.20% for ISSR markers. In the southern region, DNA polymorphism was 50.32% for RAPD and 46.67% for ISSR. Nei gene diversity was almost identical in both regions. In the central region, the diversity was 0.19 for RAPD and 0.16 for ISSR, and in the southern region, the diversity was 0. 19 The western regions of Lithuania, according to Gudžinskas [22] , were previously free from E. annuus. The Lithuanian portion (the northern 52 km long stretch) of the Curonian Spit territory from Nida to Juodkrantė was carefully examined for the presence of E. annuus. An E. annuus population (PN29) was found only in one site in Pervalka (a large village and health resort) in a meadow near a small field bus station. We suggest Pervalka (PN29) is a new site of E. annuus invasion. Therefore, it was surprising that a variation was found in this population, as revealed by RAPD (P=45.71%, h=0.19, I=0.28) and ISSR (P=46.96%, h=0.20, I=0.29) markers ( Table 2 ). The UPGMA analysis of the RAPD data indicated a genetic relationship between PN29 and PN9. These two populations formed a separate subcluster on the UPGMA tree (Figure 2a,b) . However, if we assume that PN29 plants came from PN9, it is possible that a slight reduction in genetic diversity is observed because the variation is higher in PN9 (P=60%, h=0. 24 
Genetic relationships among the populations
Dendrograms based on UPGMA analyses of RAPD and ISSR data ( Figure 2 ) revealed that one clone of E. annuus is shared among nine populations (PN3, 4, 6, 7, 10, 11, 16, 18, 19) and has expanded into Vilnius city and adjacent territories. Several populations of this main clone (PN7 and PN18) were found 90 and 130 km from Vilnius, in rural areas. The largest linear distance between two of the most remote populations of this main genotype was 165 km. A comparison of UPGMA dendrograms generated on the basis of RAPD and ISSR data indicates almost full coincidence among the main clone populations. The difference among the RAPD and ISSR data concerning the main clone populations was found only for one Vilnius population (PN16), where a small ISSR polymorphism (P=10.43%) was detected ( Table 2) .
A two-dimensional plot diagram of the PCoA analysis of the RAPD data indicates the relatedness of the main clone with the cemetery (PN23-26) and some other populations (PN2, 8, 12-15, 17, 20, 22) (Figure 3a) . The other observation is the more dispersed character of the tested populations on the PCoA diagram generated from the ISSR data (Figure 3b) . One more interesting property of the PCoA analysis is evident on both PCoA plots -a group of seven populations (PN1, 5, 9, 21, 27, 28, 29) that are genetically distant from the group of populations more or less related to the main clone. All these populations, with, the exception of PN28, were polymorphic ( Table 2 ). 
Partitioning of genetic diversity
An AMOVA revealed that 45% of the total variation established using the RAPD analyses occurred among populations within regions and 47% occurred within populations ( Table 5) .
When an analysis was conducted on the basis of the ISSR data, 55% of the total variation was found among populations within regions and 40% occurred within populations. The coefficient of genetic differentiation between populations (G ST ) was 0.58 based on the RAPD marker analysis and 0.64 based on ISSR marker analysis ( Table 6 ). The pairwise genetic distances between populations [32] established using the RAPD and ISSR markers were rather similar ( Table 6 ). The average genetic distance between populations based on RAPD markers was 0.18 and 0.21 based on ISSR markers. The largest genetic distance according to both types of data was estimated between the Mažeikiai 
Discussion
Two types of DNA markers, RAPD and ISSR, were used in our study not only to generate more precise and reliable data but also to obtain additional information about the genotypes of modern and possibly old Erigeron annuus populations and the peculiarities of their distribution across Lithuania. The use of a two-marker system is especially important for polyploids such as E. annuus (triploid) because part of the genotype diversity in polyploid species may be masked by the dominant character of particular RAPD, AFLP or ISSR markers [30] . Only a coincidence of results between two or more marker systems can eliminate arguments about the suitability of such markers for invasive plant studies [10, 27, 35] . In our study, there was a significant correlation (r=0.91, P<0.05) between genetic distances among populations established using RAPD and ISSR data. Both types of markers were highly correlated in the identification of monomorphic populations (Figure 2) . Only one population (PN16, Vilnius) was characterized as monomorphic by RAPD assay but slightly polymorphic (10.4%) by ISSR assay. The small differences observed between the two types of markers can possibly be explained by stochastic variation in allele assortment in connection with occasional recombination events [36] .
Our study indicates that there are two genetically different types of E. annuus populations. The first population type is represented by a widely spread main clone and some related monomorphic populations (e.g. PN23-26) (Figure 3) . The second population type is represented by polymorphic populations. A similar situation was described among Saxifraga cernua populations [36] . In a study of S. cernua, 26 AFLP and 32 RAPD multilocus phenotypes (putative clones) were identified, of which 21 were identical and each of the remaining five AFLP clones were split into two to three very similar RAPD clones. The distribution of both types of E. annuus populations presented a mixed character. In Vilnius and adjacent territories, both types of populations were observed and there is a similar situation in the central region of Lithuania. UPGMA dendrograms imply that the main clone is related to genotypes from populations that comprise the major cluster that includes at least 20 populations (Figure 2) . It is necessary to note that this cluster on the both dendrograms includes all four cemetery populations (PN23-26). These results imply a relation between the main clone and many other genotypes distributed across a significant amount of territory in Lithuania.
There is a distinctive ecologic situation for the E. annuus population from Pervalka (PN29) that requires more detailed consideration. Though this site is considered a part of the central region (Figure 1) , it really is a very distinct, even unique site on the Curonian Spit Peninsula, which has one side surrounded by the Baltic Sea and the other side by the Curonian Bay. The Curonian Spit is a natural preserve, but at the same time, it is a health resort with relatively high human migration, especially in the summer period. So, it can be hypothesized that this population is very new and it was founded by accidental introduction of seeds of E. annuus during holiday season.
Our study results indicate reduced genetic diversity at the population level and higher differentiation among populations as compared with previous results published for this species. The absence of genetic polymorphism in half of populations and the small number of genotypes in the polymorphic populations indicates predominating apomyctic reproduction of E. annuus in Lithuania. Edwards et al. [16] established that most of the populations of this species from northern America and western Europe were polymorphic and possessed rather high levels of intrapopulation genotypic diversity. In the other study, Trtikova et al. [17] found that 83% of studied populations from Switzerland were polymorphic. A detailed comparison of Lithuanian E. annuus populations with the western and central European populations studied by the aforementioned authors is complicated because of the differences in assays used and number of loci studied. In a study conducted by Edwards et al. [16] , 39 RAPD loci were analyzed, and in the last study, Trtikova et al. [17] identified 94 AFLP markers. Nevertheless, at the population level a trend towards reduced genetic variability in Lithuanian populations is evident. Overall, 49 genotypes were identified among the 328 individuals studied ( Table 3) . The reduced genetic diversity can be explained by the invasion history of this species and botanical data [22, 23] . Possible causes of low genetic diversity are the shorter history of E. annuus in Lithuania that began only at the end of the 19th century [22] and expressed founder effect [7, 18, 19] . Our results indicate that one genotype is widely spread among the populations of E. annuus in Lithuania. This main clone could be considered a "general-purpose genotype" that flourishes in different habitats through phenotypic plasticity [3, 37] . However additional studies are necessary to test this hypothesis.
A number of studies have revealed diverse strategies used by E. annuus that are important during invasion: a high ability to tolerate competition and mowing [38] , imposing seed production [20] , and synthesis of allelopathic compounds [39] . The biological peculiarities of invasive plants that ensure their competitive features and exclusive phenotypic plasticity are also controlled by their genotype. Recently, it has been shown that significant variation in gene expression has significance in the invasion of alien plants into new ecosystems [40] . The expansion of E. annuus, as with the other invasive species, might be promoted by global warming (prolonged vegetation season, rise of minimal temperatures) and anthropogenic factors, such as changes in agriculture practices in the past few decades, increasing international trade, and the extension of urban areas [41] [42] [43] . E. annuus seedlings are able to photosynthesize even at low temperatures in the early spring or late autumn [41] . Consequently, under warming conditions, plants that regrow after mowing are able to produce dormant seeds. Thus, they can occupy territories where the vegetation period was previously too short for E. annuus. This is important in establishing the northern boundary of E. annuus spread in some European countries, including Lithuania. Despite the rather small territory of Lithuania, the ecological-climatological conditions in the eastwest and south-north direction are rather different [44] , and climate warming may be the one of reasons for the spread of E. annuus in the northern direction. Small but significant differences (8% for RAPD markers; 5% for ISSR markers) between molecular variance found among the three regions considered in our work ( Table 5 ) and high population genetic structuring (Φ PR =0.49 for RAPD markers; Φ PR =0.58 for ISSR markers) can be explained in several ways, including the multiple founders and possible habitat-genotype interaction [30, 45, 46] . Trtikova et al. [17] also identified a high level of genetic differentiation among populations from Switzerland. Nearly half of the total genetic diversity was established among populations (G ST =0.46). However, there was a significant difference among the populations from the lowland and high altitudes. Lowland populations were less differentiated (G ST =0.33) than populations from high altitudes (G ST =0.55). A higher differentiation among Lithuanian populations (G ST =0.58 for RAPD markers; G ST =0.64 for ISSR markers) was noted in comparison to Swiss lowland populations ( Table 6) . This difference can possibly be explained by the shorter history of existence of these populations in Lithuania, reduced gene flow among them and a more pronounced founder effect.
According to Crawley et al. [47] , plants that are invasive in other regions are likely to become invasive when they are introduced into climatically similar areas. Our study of E. annuus genotypes is therefore potentially relevant for neighboring countries such as Latvia, Poland, and especially Belarus, which is very close the Vilnius region of Lithuania. However, information on E. annuus occurrence in some of these neighboring countries is scarce, but information on the spatial distribution of E. annuus in Poland is more readily available. In Poland E. annuus was first recorded in 1830 (NOBANIS; www. nobanis.org) and now is spread across almost all territory of Poland except some river valleys (Atlas of vascular plants of Poland; http://f2.atlas-roslin.pl/gatunki/ Erigeron_annuus.htm). The relatively well-preserved natural and semi-natural vegetation of the Bug River Valley is an effective barrier that protects against the penetration of E. annuus commonly inhabiting the Vistula and Odra River valleys [48] .
Although precise information concerning the date and type of introduction of E. annuus into Lithuania does not exist, it seems likely that it has been distributed in the country as an ornamental plant or as a contaminant of the seeds of other ornamental plants. The only place we could expect to find the original or older genotypes would be old cemeteries and Vilnius surroundings. Two opposing assumptions concerning the origin of the initial genotype(s) may be proposed. First, the initial genotype arose or was introduced in the southeastern region and later partially diverged into several clones and spread into the north and northwest directions. The other possibility is that the initial genotype was similar to those currently found in old cemeteries and some genotypes (including the main clone) diverged from the initial genotype and proceeded to invade natural ecosystems. The wide spread of this species in old Lithuanian cemeteries in modern times supports this point of view. We can find E. annuus in old cemeteries even in regions where it is not observed in natural ecosystems (e.g. PN25, 26). As E. annuus is still grown as an ornamental plant in some gardens and cemeteries, uncontrolled and invasive introduction into natural ecosystems is possible from such specific "genetic preserves" when favorable environmental conditions arise, i.e., global warming or a disruption of natural ecosystems by human activity. Edwards et al. [16] , when considering patterns of genetic variation in American and European populations of E. annuus, noted that much of the observed variation in RAPD phenotypes in Europe has been locally generated. As mentioned earlier, our work demonstrates the possible genetic relationships among cemetery populations of E. annuus and some widely spread genotypes, including the main clone.
The apomictic nature of E. annuus and other invasive species with restricted outcrossing is favorable for the settlement and maintenance of individual genotypes [49] . Occasional hybridization events may be favorable for the emergence of new genotypes with high invasive potential [50] [51] [52] . Multiple introductions can also cause genotype diversity among and within E. annuus populations and other invasive plant populations [52] . Previously, some authors have noted the importance of somatic mutations as a cause of variation in E. annuus [53] . It is becoming recognized that rapid evolution in introduced species may also be driven by punctual changes in genome structure and organization [54, 55] . Molecular marker assays that are used for genomic DNA fingerprinting are able to detect such rearrangements [56] [57] [58] . It has been shown that environmental stress can cause variation in RAPD phenotypes [56, 59, 60] and the pattern of DNA methylation [61] . Chapman et al. [30] noted that both recombination and mutation contributed to the intrapopulation genotypic diversity of the triploid weed Hieracium lepidum. E. annuus and some other invasive plants are distributed and make adventive groups on roadsides, near waste disposal areas and along railways. These conditions are extremely genotoxic because mutagenic substances are brought to the soil by the emissions associated with different enterprises and forms of transportation [62] . Therefore, we cannot exclude the possibility that the current pattern of genotypic diversity of E. annuus may be caused not only by genotypically distinct founding events [63] and occasional sexual recombination [16] , but also by mutations induced by environmental stress.
Molecular marker assays give us the unique possibility of identifying the genotypes that are spread in many populations. These genotypes possibly retained or acquired during invasion some properties that are most suitable for expansion in a given environment. We hope that common garden experiments and gene expression studies using the most widespread clone of E. annuus will provide additional information on what genetic properties of this particular genotype facilitate intensive spreading and the ability to rapidly adapt to new environments. On the other hand, we must be alert for the appearance of invasive plants such as E. annuus in unique natural ecosystems such as the Curonian Spit. This possible hazard to natural vegetation preserves necessitates further observations and management.
